A simplified method is devised for calculation of the shunt magnitudes from a single earpiece dye-dilution curve in infants and children with the left-to-right shunt.
In a preceding paper of ours,1 it has been reported that the estimation of shunt magnitudes can be done by using a single earpiece dye-dilution curve with some correction of the build-up time in infants and children with the left-to-right shunt.
The present report describes a new, simplified method devised for the calcula tion of the shunt values using a single earpiece dye-dilution curve, because the calculation method adopted so far is complicated and tedious in practical use. Since a good correlation was found between the ts-time calculated by the Nakamura's method2 and log Cp/tap as shown in Fig. 1 , regression equations could be obtained as shown in Fig. 2 . The ts-time obtained by the equations closely agrees with that calculatedd by Nakamura's method (cf. Fig. 3 ). There is no significant difference of the ts-time obtained by using the equations between the central and peripheral injections. As a result, the ts-time of the semilogarithmic down slope of the curve could be easily determined from these equations.
MATERIALS AND METHODS
2) Determination of the peak concentration of shunted dye on the cure (Fig. 4) From the earpiece dye-dilution curve, appearance time (ta), peak concentration time (tp), build-up time (tap) and peak concentration (Cp) were obtained. •oe:
The time of ti, at which the down slope of the curve began to be linear on the semilogarithmic scale, was determined by the following formula adopted by Nakamura et al.2 (1) Then the concentration (Ktl) of the dye at the point of tl was determined from the curve. The build-up time (tap') of the shunted dye might be considered to be equal to the build-up time (tap) of the normally circulated dye.
Therefore, the peak concentration time (tp') of the shunted dye on the curve could be obtained from the following formula. •oe Intracardiac injection •› Peripheral injection (2) And then the peak concentration (Ktp') of the shunted dye was obtained from the curve.
3) Determination of the peak concentration of shunted dye on the semilogarithmic down slope (cf. Fig. 5 ).
The ts-time was experimentally obtained from the log Cp/tap (X) as described above (cf. Fig. 2 ). K. T. 8y. ASP. PA injection Fig. 4 . An example of estimation of the magnitudes of the left-to-right shunt by our own method using an earpiece dye-dilution curve. The curve was recorded following injection of the indicator into the pulmonary artery of an 8-year-old girl with atrial septal defect. Note that the magnitude obtained by our own method closely agrees with that calculated from the Fick procedure. (3-b) (3-c) The down slope of the dye-dilution curve on the semilogarithmic scale could be determined by ts-time as shown in Fig. 5 . The peak concentration time (tpo) of the shunted dye on the semilogarithmic down slope could be determined as follows: (4) where to was the time when the slope presents the concentration Ktl.
Therefore, the concentration (Ktpo) at the time of tpo was obtained on the semilog arithmic down slope.
4) Calculation of the left-to-right shunt
The peak concentration (Cp') of shunted dye could be obtained as follows. (5) Then the left-to-right shunt was calculated as follows. 
RESULTS
The magnitudes of the left-to-right shunt estimated from the earpiece dyedilution curves by this new method of ours were compared with those calculated by the Nakamura's method in Figs. 6-9 . Both values showed a good correlation irrespective of the site of the indicator injection. 6 . Comparison of the magnitudes of the shunt estimated by our own method with those calculated by Nakamura's method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into pulmonary artery. Fig. 7 . Comparison of the magnitudes of the shunt estimated by our own method with those calculated by Nakamura's method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into right ventricle, right atrium and inferior vena cava. Fig. 8 . Comparison of the magnitudes of the shunt estimated by our own method with those calculated by Nakamura's method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into left atrium. Fig. 9 . Comparison of the magnitudes of the shunt estimated by our own method with those calculated by Nakamura's method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into peripheral veins. Fig. 10 . Comparison of the shunt magnitudes estimated by our own method from the earpiece dye-dilution curves which were recorded following the injection of the in dicator into pulmonary artery with those calculated from the Fick procedure. Fig. 11 . Comparison of the shunt magnitudes estimated by our own method from the earpiece dye-dilution curves which were recorded following the injection of the in dicator into right ventricle, right atrium and inferior vena cava with those calculated from the Fick procedure.
DISCUSSION
As described previously,1 the earpiece dye-dilution technics are practically more useful than the arterial dye-dilution technics (cuvette method)4-7 for an estima tion of the left-to-right shunt in infants and children with congenital heart diseases.
The dye-dilution curves recorded from the patients with the left-to-right shunt are characterized by the following findings: 1) distortion of the down slope, Fig. 12 . Comparison of the shunt magnitudes estimated by our own method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into left atrium with those calculated from the Fick procedure. Fig. 13 . Comparison of the shunt magnitudes estimated by our own method from the earpiece dye-dilution curves which were recorded following the injection of the indicator into peripheral veins.
2) decrease of the gradient of the down slope, 3) prolongation of the disappearance phase, 4) disappearance of the recirculation curve, and 5) decrease of the peak concentration.
Therefore the existence of the left-to-right shunt is easily suspected from the pattern of the dye-dilution curves.
It has been reported that there is a positive correlation between the magnitudes of the left-to-right shunt calculated from the Fick's method and the following items: 1) the ratio of the disappearance time to the build-up time (DT/ BT),4 2) the disappearance ratio (CP+BT/Cp or CP+2BT/Cp),5-7, and 3) the ratio of the least concentration to the recirculation concentration (CL/CR).6,7 In the present report, the ts-tine is easily determined from the log Cp/tap and the down slope is drawn by ts-time on the semilogarithmic scale without replotting the dye-dilution curve.
Our present study on 104 earpiece dye-dilution curves revealed a good correla tion among the shunt values calculated by this method of ours, those by the Nakamura's method and those determined by the conventional Fick procedure.
